Abstract-Vague sets theory separates the evidences in favour and against of an element in a set which provides better mechanism to handle impreciseness and uncertainty. This research paper aims to handle the incompleteness and impreciseness of data associated with the disk access requests. Here, we propose a new disk scheduling algorithm, Vague Disk Scheduling (VDS) Algorithm, based on vague logic. The proposed framework includes Vague-Fuzzification Technique, Priority Expression, and VD S Algorithm. The VagueFuzzification Technique is applied to the input data of each disk access request and generates a priority for each request in the queue. Based on the priority allotted the requests are serviced. Finally work is evaluated on different datasets and finally compared with Fuzzy Disk Scheduling (FDS) Algorithm. The results prove that VDS algorithm performs better than FDS Algorithm.
I. INTRODUCTION
All modern co mputers use hard disks to store large amount of data and informat ion. For these computer systems, hard disk drives provide the bulk secondary storage [1] . In a mult iprogramming environ ment with many processes, to provide control and uniform memory access to each process, the concept of disk scheduling is used. A disk drive consists of a number of platters. Each platter has two surfaces. Each surface of a platter is made up of concentric circles, called tracks. A single surface contains thousands of tracks. Typically a surface consists of 500-2000 tracks. Given a queue of d isk access requests, to service a request, firstly the disk arm head is moved to the desired track, called seek distance. Then the disk rotates to the desired sector until it is under the read/write head. The time taken in the rotation caused is called rotational delay. The rate of rotation is termed as RPM, Rotations per Minute. The typical range of RPM lies in between 3600-7200 RPM. Various disk scheduling algorith ms are availab le that uses either one of the above stated factors or both of them to improve the overall disk access time.
Because processor speed and memory capacity are increasing faster than the hard disk drive speed, we need methods for using disk drives more efficiently. Apart fro m trad itional disk scheduling algorithms, with the advent in research and technology, new disk scheduling techniques and algorithms are proposed and developed using fuzzy logic [2] [3], prov iding a better understanding and a better way to deal with uncertainty associated with the disk access requests.
In this research paper we are extending the research in the field o f disk scheduling using vague logic. The expression of human judgment often lacks precision and the confidence levels on the judgment contribute to various degrees of uncertainty [4] . Vague Logic is an extension of fuzzy logic that deals with uncertainty, impreciseness, and amb iguity associated with the informat ion in a better way. In our work, we are implementing a new algorithm for scheduling disk access requests, Vague Disk Scheduling (VDS). This algorith m uses Vague-Fu zzification [5] technique based on vague sets theory. The algorith m co mputes a priority for each request in the queue and based on this priority the next request is serviced in a way that provides an optimal access time.
This paper is organized in 7 sections. Section 2 throws light on past related work performed so far. Section 3 describes traditional disk scheduling algorithms and disk scheduling algorith m using fuzzy logic. Vague log ic and Vague-Fuzzification technique is discussed in section 4. Section 5 contains proposed framework and Vague Disk Scheduling Algorith m. Results are evaluated and compared with disk scheduling algorith m based on fuzzy logic in section 6. Finally, section 7 includes conclusion of the research done.
II. RELATED WORK
A lot of research is being performed in both the fields, i.e. disk scheduling, and applications based on vague logic.
In 2009, Mohammad Sofian Abu Talip [3] gave a new way to disk scheduling using the concepts of fuzzy logic and fuzzy inference system. For disk scheduling optimization fu zzy logic can be applied in two categories: the servo controller that controls the arm head of the movable-d isk and disk scheduling policy. The focus of this paper is to apply fuzzy logic to a disk scheduling policy. Using fuzzy inference system and IF-THEN rules on two inputs, seek time and arrival t ime, he gave a new approach for scheduling disk requests. The author has proposed a disk scheduling algorithm based on First In research paper [2] the author has designed a different approach by developing an FIS based on two inputs: seek distance and rotational delay for each disk access request. Based on the 9 IF-THEN ru les the designed algorithm generates a Prio rity as output for every request in the queue. The highest priority request is chosen for servicing. After servicing the current request, the again the seek distance and rotational delay are calculated and the procedure is repeated until the queue becomes empty. This algorith m is proved to provide a better understanding and results.
The notion of vague logic is relatively new in the field of engineering and computer science, but in the past few years researchers have improved existing algorith ms and application using vague logic. Wang Hong-xu [6] , proposed a Vague Optimize algorith m to choose location of tailings dam. In the novel research work, by converting original data to vague set data, using similarity measures between vague sets and vague sort the best location of tailings dam is chosen. This algorithm proposed the following steps: establishing the index set, screening out the locations of tailings dam, creating the vague environment by transforming the original data of an expected location of tailings dam into vague data, calculation of similarity measures between vague set of locations of tailings dam and vague set of expectation location of tailings dam, and application of vague optimize sort. The concept of vague data min ing is also used while incorporating similarity measures between vague sets.
Li Gu xin [7] keep ing in mind the increasing use and applicability of vague sets in engineering applications gave a notion to construct a vague environment in engineering applications. The motive behind construction of vague environment is that we can study, analyze, and solve practical prob lems based on vague sets only in a vague environment. Earlier there were methods which first convert raw data to fuzzy data and then fu zzy data to vague data. A notion is provided in this research paper to create vague environment by transforming raw data to vague data.
FuJin Zhang [8] has used vague set similarity measures on three-dimensional representation for pattern recognition in the research paper "A Class of Similarity Measures between Vague Sets and Its Applications to Pattern Recognition", 2010.
Ritu Aggarwal [9] has described a Vague Set based Controller Power System Stabilizer (VCPSS). This controller is evaluated on a single machine infinite bu s power system. The results provided shows the superiority and robustness of a vague controller power system stabilizer as co mpare to conventionally tuned controller and fuzzy logic controller to enhance system dynamic performance over a wide range of operating conditions [8] .
Yong Liu [10] studied and analyzed the relationship between fuzzy sets and vague sets in this paper. It is emphasized that vague sets are more accurate in describing vague information than fuzzy sets. A general model for transformation of vague sets into fuzzy sets is proposed and implemented. Th is transformat ion establishes a mathematical relationship between vague set theory and fuzzy set theory. Th is general model is said to be useful in applications which involve imprecise information processing and vague information process.
III. DISK SCHEDULING
When processes running on a mach ine have mult iple requests to read data from or to write data to disk and an optimu m order is needed to access them effectively, disk scheduling is used. A hard disk drive is composed of several concentric, rapid ly-rotating platters, where data may be written to both sides of each platter [11] . Each platter is logically d ivided into several circular tracks. These tracks are further d ivided into equal sized s ectors, where each sector can hold 512 bytes of data.
For a part icular disk request, when a read/write head accesses a particular sector, the head suffers two kinds of delays. First is seek time or seek distance, which is the time required to move the head to desired track. The second is rotational delay, after setting on a particular track the head rotates on the track to the desired sector to read/write data and service a particular disk access request.
To select a request for servicing fro m the queue of disk requests, different algorithms such as First Co me First Serve, Shortest Seek Time First, LOOK, C-LOOK, SCA N, C-SCAN. These are traditional disk scheduling algorith ms that aim to min imize seek time and are optimized for aggregate throughput.
While FCFS uses a FIFO queue and selects requests sequentially to serve them. It is easy to imp lement and fair in the sense that once a disk access request has arrived, its place in the schedule is fixed [12] . SSTF gives priority for servicing to the request which has shortest seek time/distance. In SCA N algorith m the head starts fro m one end, travels to the other end servicing the disk requests and then redirects itself.
The LOOK algorith m works in a way similar to SCAN algorith m but the head does not reach the extreme end of disk, but changes its direction when it reaches the largest and smallest requested track. Recognition of the dynamic request of the queue leads to the LOOK algorith m [13] . The C-SCAN algorithm is a variat ion of SCAN algorith m, in wh ich the head moves in one direction servicing the requests. After reaching the end of disk the head reverses and continues.
C-LOOK algorith m, a variation of LOOK algorithm, works in same way as C-SCAN does with the difference that here the head does not moves to the end of disk, it moves back fro m the last serviced request and continues. The C-LOOK algorithm looks for a request before continuing in a given direction [1] . 
A. Disk Scheduling Using Fuzzy Logic
In order to provide an efficient disk scheduling algorith m, we have implemented disk scheduling using fuzzy logic [2] . A Mamdani type Fu zzy Inference System (FIS) took two inputs: seek distance and rotational delay. The membership functions used for both the inputs and the output are of trimf type with d ifferent range parameters. The Defu zzification technique used is Centroid of area. This FIS is co mposed of 9 IF-THEN Rules. These rules map the two inputs to a single output. The output parameter is termed as prio rity. The next request to be serviced is chosen on the bas is of this priority value.
The fuzzy based algorithm, Fu zzy Disk Scheduling FDS [2] is designed to service the pending disk access requests in the queue based on the output priority yield ing better results than traditional disk scheduling algorith ms. In order to understand uncertainty associated with the disk access requests with more p reciseness, this research paper extends the research from fuzzy logic to the next level using Vague Logic. This FIS is imp lemented using MATLAB Fuzzy Tool Box as shown in fig. 1 . 
VI. VAGUE LOGIC
A vague set is a set of objects, each object having a grade of membership value in a continuous subinterval of [0, 1] [14] . A vague set is a generalization of a fu zzy set where instead of point based membership, an interval based membership is used [15] . In a space of objects, U, and u be the generic element of U, a vague Set V in U is characterized by two membership functions.
First is truth-membership function denoted by t v , is a lower bound on the grade of u obtained fro m the evidence in favor of u, and second is false-membership function denoted by f v , is lower bound on negation of u obtained from the evidence against u.
The grade of membership μ v (u) in a vague set is bounded by t v (u)≤μ v (u)≤1-f v (u), where t v (u)+f v (u)≤1. The uncertainty in a vague set is represented by the difference 1-f v (u)-t v (u). If this value is small, our knowledge is relatively precise and if the value is large our knowledge is little [5] . A vague set is graphically shown in fig. 2 .
Fig. 2. Vague Set

A. Vague-Fuzzification
To incorporate the benefits of vague set theory in handling vagueness associated with information, a new technique Vague-Fuzzification is designed to imp lement fuzzification using vague sets [5] . The trad itional fuzzification approach of fuzzy set theory uses different types of membership functions and shapes that use a point based membership assignment, whereas VagueFuzzification Technique uses vague sets and assigns grade of membership to each element of the set using interval based membership. This technique works in two steps: 1) First it uses the Positive Ordered Transforming Formula (POTF). Th is formu la takes an index of single valued data and converts each value to corresponding vague valued data. 
Where c mn is single-value to be transformed, c n.min is the min imu m value fro m the index set and c n.max is maximu m value of the index set, and i = 2, 3, 4… 2) In the second step it uses the General Transforming Model [8] to convert the vague valued data to the fuzzified values. The MATLAB imp lementation of the VagueFuzzification Technique is shown in fig. 3 . 
V. VAGUE DISK SCHEDULING (VDS) ALGORITHM
In this section we are discussing the proposed architecture, as shown in fig. 4 , and the proposed algorithm.
The proposed architecture follows three main steps: a. Vague-Fuzzification, b. Priority Expression, c. Vague Disk Scheduling (VDS) Algorithm. In the proposed architecture the Vague-Fuzzification step transforms the input crisp values, seek d istance and rotational delay, to the vague-fuzzified values. The Priority Expression takes as input the vague-fuzzified values and computes the Prio rity for each d isk access request. And the VDS A lgorith m unit includes the step by step procedure to schedule the queue of disk access requests on the basis of the calculated priority such that the pattern of serviced disk requests provides optimal access time.
A．Proposed Algorithm
In the proposed VDS algorith m, we are using vague logic to select the disk request to be serviced by the scheduler. The algorith m co mputes a list of Priorities for each request in the queue and selects the one with highest priority. Taking Seek Distance and Rotational Delay as inputs, the Vague-Fuzzification technique co mputes the corresponding vague-fuzzified values. The Priority Exp ression takes the vague-fuzzified values as input and calculated optimized priority for each request. Based on the criteria, next request to be serviced is chosen. Finally, on the basis of the pattern of serviced disk access requests, total seek distance and rotational delay is calculated. 
Assumptions
C. Case Study 3
Assume a queue of disk access requests to be serviced: 23, 89, 132, 42, 187, and head presently servicing request on track 100. The results using VDS A lgorith m are tabularized in Table 3 The overall performance comparison of case 1, case 2, case 3, and case 4 are illustrated graphically in using charts as shown in fig. 5, fig. 6, fig. 7, and fig. 8 respectively. In the charts depicted below, the term SD, measured in track seek, stands for Seek Distance and RD, measured in milliseconds, stands for Rotational delay. 
VII. CONCLUSION
The fuzzy logic based algorithm for disk scheduling lacks the capability of dealing with the situation when a disk access request stands in an abstained condition. In this research paper the concepts of vague logic are introduced and applied for scheduling a queue of disk access requests. An algorith m, VDS Algorithm, is proposed that intelligently removes the abstained condition. This algorith m uses the technique VagueFuzzification to fu zzify the inputs. The proposed algorith m takes on two inputs, Seek Distance and Rotational Delay, and computes a priority, using priority expression, for each request for disk access . This priority is then used for scheduling all the disk access requests , thus yielding an improved overall access time. To show the validity of the research performed different cases are studied and analyzed. The results shows clear improvement in performance as co mpared against Fu zzy Logic based Disk Scheduling Algorithm. ACKNOWLEDGMENT I would like to thank my mentor Ms. Supriya Raheja and my institution for guid ing and helping me in the research performed.
